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(54) ACTIVE ORGANIC EL DEVICE AND METHOD OF MANUFACTURE THEREOF 



(57) The present invention is a active-driving organ- 
ic EL light emission device comprising an organic EL 
element comprising an organic luminous medium be- 
tween an upper electrode and a lower electrode, and a 
thin film transistor for driving this organic EL element, 
wherein light emitted fi^om the organic EL element is tak- 
en out from the side of the upper electrode, and the up- 
per electrode comprises a main electrode formed of 
transparent conductive material, and an auxiliary elec- 



trode formed of a low-resistance material. According to 

the active-driving organic EL light emission device of 
this structure, the numerical aperture can be made 
large. Additionally, the sheet resistivity of the upper elec- 
trode can be made low even if luminescence is taken 
out from the side of the upper electrode. Thus, it is pos- 
sible to provide an active-driving organic EL light emis- 
sion device making it possible to display images having 
a high brightness and a homogenous brightness; and a 
method for manufacturing the same. 
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Description 

Background of the Invention 
Field of the Invention 

[0001] The present invention relates to an active-driv- 
ing organic EL light emission device (which may be re- 
ferred to merely as an organic EL device hereinafter) 
having a thin film transistor (which may be referred to 
as a TFT). More specifically, the present invention re- 
lates to an organic EL device used suitably for display 
equipment and color displays for the people's livelihood 
and industries, and the like. 

[0002] In the present specification, the description 
"EL" means "electroluminescence". 

Description of the Related Art 

[0003] Conventionally, It is known a simple-driving or- 
ganic EL light emission device which is simply driven by 
XY matrix electrodes to display an image (Japanese 
Patent Application Laid-Open (JP-A) No. 37385/1990, 
JP-A No. 233891/1991 and the like) as an organic EL 
light emission device (display). 

[0004] However, in such a simple-driving organic EL 
light emission device, the so-called line sequential driv- 
ing is performed. Therefore, if the number of scanning 
lines is several hundreds, required instantaneous 
brightness is several-hundred times larger than ob- 
served brightness so that the following problems arise. 

(1) Since a driving voltage becomes not less than 
2-3 times higher than a direct-current constant volt- 
age, luminous efficiency drops or power consump- 
tion becomes large. 

(2) Since the electrical current that passes instan- 
taneously becomes several-hundred times larger, 
the organic luminous layer is apt to deteriorate. 

(3) Since the electrical current is very large in the 
same manner as in the (2), a voltage-drop in the 
electrode wiring becomes large. 

[0005] Thus, in order to solve the problems that sim- 
ple-driving organic EL light emission devices have, var- 
ious active-driving organic EL light emission devices, 
wherein organic EL elements are driven by TFTs (thin 
film transistors), are suggested {JP-A No. 122360/1995, 
JP-A No. 122361/1995, JP-A No. /1 53576/1 995, JP-A 
No. 54836/1996, JP-A No. 111341/1995, JP-A No. 
312290/1995, JP-A No. 109370/1996, JP-A No. 
129359/1996, JP-A No. 241047/1996, JP-A No. 
227276/1996, JP-A No. 339968/1999, and the like). 
[0006] Examples of the structure of such an active- 
driving organic EL light emission device are shown in 
FIGs. 18 and 19. According to such active-driving or- 
ganic EL light emission devices. It Is possible to obtain 
advantages as follows: driving voltage is highly lowered, 



luminous efficiency is Improved and power consumption 
can be reduced, as compared with simple-driving organ- 
ic EL light emission devices. 

[0007] However, the following problems (1)-(3) are 
5 caused even in active-driving organic EL light emission 
devices having advantageous as described above. 

(1) The aperture ratio of their pixels becomes small. 

10 [0008] In an active-driving organic EL light emission 
device, at least one TFT is fitted to each pixel on a trans- 
parent substrate and further a great deal of scanning 
electrode lines and signal electrode lines are disposed 
on the substrate to select appropriate TFTs and drive 

15 them. Accordingly, there arises a problem that when 
light Is taken out from the side of the transparent sub- 
strate, the aperture ratio of the pixels (the ratio of por- 
tions that emits light actually in the pixels) becomes 
small since the TFTs and the various electrode lines shut 

20 off the light. For example, in an active-driving organic 
EL light emission device that has been developed re- 
cently, TFTs for driving organic EL elements at a con- 
stant current are disposed besides the above-men- 
tioned two kinds of TFTs. Therefore, Its aperture ratio 

25 becomes smaller and smaller (about 30% or less). As a 
result, dependency on the aperture ratio , the current 
density that passes through the organic luminous medi- 
um becomes large, causing a problem that the life span 
of the organic EL elements is shortened. 

30 [0009] This matter will be described in more detail, re- 
ferring to FIGs. 10, 11 and 18. FIG. 10 shows a diagram 
of a circuit for switch-driving the active-driving organic 
EL light emission device 100 illustrated in FIG. 18, and 
illustrates a state that gate lines (scanning electrode 

35 lines) 50 (108 in FIG. 18) and source lines (signal elec- 
trode lines) 51 are formed on the substrate and they are 
in an XY matrix form. Common electrode lines 52 are 
disposed in parallel to the source lines (signal electrode 
lines) 51. About each pixel, a first TFT 55 and a second 

40 jfj 56 are fitted to the gate lines 50 and the source 
lines 51. A capacitance 57 is connected between the 
gate of the second TFT 56 and the common electrode 
line 52 to hold the gate voltage at a constant value. 
[0010] Therefore, an organic EL element 26 can be 

45 effectively driven by applying the voltage held by the ca- 
pacitance 57 to the gate of the second TFT 56 shown 
in the circuit diagram of FIG. 10 and then attaining 
switching. 

[0011] The plan view shown in FIG. 11 is a view ob- 
50 tained by seeing, along the plane direction, through 
switch portions and the like according to the circuit dia- 
gram shown in FIG. 10. 

[0012] Thus, the active-driving organic EL light emis- 
sion device 1 00 has a problem that when EL light is tak- 
56 en out from the side of lower electrodes (ITO, Indium tin 
oxide) 102 side, that is, the side of a substrate 104 side, 
a TFT 106, a gate line 108, a source line (not illustrated) 
and the like shut off EL light so that the aperture ratio of 
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pixels becomes small. 

[0013] In an active-driving organic EL light emission 
device 204, as shown in FIG. 19, wherein a TFT 200 
and an organic EL element 202 are arranged on the 
same plane, the TFT 200 and the like never block off EL 5 
light. However, its aperture ratio of pixels is further low- 
ered, as compared with the active-driving organic EL 
light emission device 100 shown in FIG. 18. 

(2) The sheet resistivity of upper electrodes is large. 

[0014] In the case that light is taken out from the side 
opposite to the substrate, that is, the side of upper elec- 
trodes, the TFTs and the like do not shut off the light to 
keep the aperture ratio large. As a result, a high-bright- 
ness Image can be obtained. However, when EL light is 
taken out from the upper electrode side, In order to take 
out the EL light effectively to the outside, It Is necessary 
to form the upper electrodes from transparent conduc- 
tive material. For this reason, the sheet resistivity of the 
upper electrodes exceeds, for example, 20 Q/Q result- 
ing in a serious problem at the time of using large-area 
display. 

[0015] In the case that light is emitted, for example, 
at a brightness of 300 nit from the entire surface of an 
EL light emission device having a diagonal size of 20 
inches (the ratio of length to breadth, 3:4), It is necessary 
to send a large current having a current of 3600 mA to 
the upper electrodes even if an organic luminous mate- 
rial having a high luminous efficiency of 10 cd/A (lumi- 
nous power per unit amperage) Is used In the organic 
luminous medium. 

[0016] IVlore specifically, the value of a voltage-drop 
based on the resistances of the upper electrodes is rep- 
resented by Snir and calculated on the following formu- 
la. 

2nir=1/2 x N(N + 1)lr 

N: (the total number of pixels in the longitudinal di- 
rection) X 1/2, 

r: the ohmic value (Q) of the upper electrode in each 
pixel, and 

i: a constant current value(A) that flows through 
each pixel. 

[0017] Therefore, if luminous efficiency, luminous 
brightness, the shape of the pixels and the sheet resis- 
tivity of the upper electrodes are set to, for example, 10 
cd/A, 300 nit. 200 X 600 jiim square, and 20 Q/Q re- 
spectively, the pixel current value is 3.6 x 10-^ A. If the 
total number of the pixels in the longitudinal direction is 
set to 2000, drop-voltage in the longitudinal direction is 
12V (1/2 X 1000 x 1000 X 3.6 x 10-6 x 20 x i/3). 7^)3 
exceeds an allowable voltage range (10 V) for driving 
circuits which are driven at a constant current. Thus, it 
is difficult to emit light under the above-mentioned con- 



ditions. 

[0018] In short, if the sheet resistivity of the upper 
electrodes Is large, voltage-drop, particularly at the 
center of the screen, becomes large accordingly. As a 
result, a problem that brightness is remarkably lowered 
becomes apparent. Incidentally, the following is also at- 
tempted: amendment is made by using a circuit to make 
a current value (brightness) constant for each pixel. 
However, this attempt is insufficient. 

(3) From the viewpoint of production, it is difficult to 
control the ohmic value of the upper electrodes. 

[001 9] It is known that in order to set the resistivity of 
the upper electrodes of an active-driving organic EL light 
emission device having a diagonal size of several inch- 
es to 10 inches to a low value, for example, 1 x 10"^ O 
• cm or less by using an ordinary material such as ITO 
orZnO, it is necessary to set heating temperature to 200 
°C or higher. However, heat-resistance of ordinary or- 
ganic luminous media is 200 °C or lower. Thus, it is nec- 
essary to set the heating temperature to 200 °C or lower. 
Accordingly, the value of the resistivity of the upper elec- 
trodes cannot be controlled so that the value may ex- 
ceed 1 X 10"3 • cm. As a result, a problem that the 
sheet resistivity becomes a high value over 20 Q/ □ oc- 
curs. In the case that plasma is used for sputtering at 
the time of forming an oxide such as ITO or IZO on the 
organic luminous medium to form the upper electrodes, 
a problem that the organic luminous medium is dam- 
aged by the plasma also arises. 
[0020] In light of the above-mentioned problems, the 
present invention has been made. Its object is to provide 
an organic active EL light emission device making it pos- 
sible to increase the aperture ratio of respective pixels 
even if TFTs are disposed to drive organic EL elements, 
reduce the sheet resistivity of upper electrodes even If 
luminescence is taken out from the side of the upper 
electrodes, and display an Image having a high bright- 
ness and a homogeneous brightness; and a method for 
manufacturing such an organic active EL light emission 
device effectively. 

. Summary of the Invention 

[0021] 

[1] The present Invention is an active-driving organ- 
ic EL light emission device comprising an organic 
EL element comprising an organic luminous medi- 
um between an upper electrode and a lower elec- 
trode, and a thin film transistor for driving this or- 
ganic EL element, wherein light emitted from the or- 
ganic EL element (EL light) is taken out from the 
side of the upper electrode, and the upper electrode 
comprises a main electrode formed of a transparent 
conductive material (embracing a transparent sem- 
iconductor material), and an auxiliary electrode 
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formed of a low-resistance material. 

Sucli a structure makes it possible to make a 
numerical aperture large even if a TFT is set up and 
make the sheet resistivity of the upper electrode re- 
duced even if luminescence is taken out from the 5 
side of the upper electrode. 

It is also possible to improve brightness and fur- 
ther prolong the life span of the organic luminous 
medium remarkably because of a reduction In the 
density of electric current passing through the or- io 
ganic luminous medium. 

[2] The active-driving organic EL light emission de- 
vice of the present invention preferably comprises 
an electric switch comprising the thin film transistor 
and a transistor for selecting a pixel, and a signal 15 
electrode line and a scanning electrode line for driv- 
ing the electric switch. 

Namely, it is preferred to comprise a scanning 
electrode line and a signal electrode line arranged, 
for example, in an XY matrix form, and an electric 20 
switch composed of a TFT connected electrically to 
these electrode lines and a transistor for selecting 
a pixeL 

Such a structure makes it possible to drive the 
organic EL element effectively by selecting any pix- 25 
el, applying a scanning signal pulse and a signal 
pulse through the scanning electrode line and the 
signal electrode line and thus performing switching- 
operation of the electric switch comprising the TFT. 
[3] In the structure of the active-driving organic EL 30 
light emission device of the present Invention, It Is 
preferred that the transparent conductive material 
is at least one material selected from the group con- 
sisting of a conductive oxide, a light-transmissible 
metal film, a non-degeneracy semiconductor, an or- 35 
ganic conductor, and a semiconductive carbon 
compound. 

Namely, the sheet resistivity of the upper elec- 
trode can be reduced. It is therefore possible to use, 
in the main electrode, not only transparent conduc- 40 
five material that has been conventionally used but 
also transparent conductive material other than it. 
Thus, the above-mentioned transparent conductive 
material has also been able to be used. 

It is possible to use a non-degeneracy semicon- 45 
ductorand the like, for example, which can be made 
into a film at a low temperature, preferably 200*^0 
or lower and more preferably 100°C or lower. It is 
therefore possible to make heat damage of any or- 
ganic layer at the time of film-making small. Vapor 50 
deposition at low temperature or wet coating can be 
attained by using the organic conductor, the semi- 
conductive carbon compound and the like. 
[4] In the structure of the active-driving organic EL 
light emission device of the present invention, it is 55 
preferred that a plurality of the auxiliary electrodes 
are regulariy placed in a plane. 

For example, the resistance of the upper elec- 



trode can be uniformly and effectively made low by 
arranging the auxiliary electrode in a matrix, stripe 
and the like form. 

[5] In the structure of the active-driving organic EL 
light emission device of the present Invention, It Is 
preferred that a sectional shape of the auxiliary 
electrode is an overhang form. 

Such a structure makes it possible to connect 
certainly the auxiliary electrode electrically to the 
upper electrode, using a site positioned below the 
overhanging upper portion (embracing a converse- 
ly-tapered portion and the like) even if an insulating 
organic layer is deposited on the auxiliary electrode, 
[6] In the structure of the active-driving organic EL 
light emission device of the present invention, it is 
preferred that the auxiliary electrode comprises a 
lower auxiliary electrode and an upper auxiliary 
electrode. 

Such a structure of the auxiliary electrode 
makes it possible to easily connect the auxiliary 
electrode electrically to the main element, using the 
lower auxiliary electrode or the upper auxiliary elec- 
trode. Since the assistant is separated into the low- 
er auxiliary electrode and the upper auxiliary elec- 
trode as described above, the overhanging form 
can easily be made. 

[7] In the structure of the active-driving organic EL 
light emission device of the present invention, it is 
preferred that the lower auxiliary electrode and the 
upper auxiliary electrode in the auxiliary electrode 
comprise constituent materials having different 
etching rates. 

Such a structure makes it possible to form the 
overhang shape easily by etching. 
[8] In the structure of the active-driving organic EL 
light emission device of the present Invention, it is 
preferred that the lower auxiliary electrode and the 
upper auxiliary electrode in the auxiliary electrode, 
or one thereof is electrically connected to the main 
electrode. 

Such a structure makes it possible to connect 
easily and certainly the auxiliary electrode electri- 
cally to the main electrode so that the resistance of 
the upper electrode can be made low. 
[9] In the structure of the active-driving organic EL 
light emission device of the present invention, it is 
preferred that the auxiliary electrode is formed on 
an interlayer insulating film for forming the organic 
EL element, on the electrically Insulating film for in- 
sulating electrically the lower electrode, or on the 
electrically insulating film for insulating electrically 
the TFT. 

Such a structure makes it possible to make the 
numerical aperture in pixels wide. 
[10] In the structure of the active-driving organic EL 
light emission device of the present invention, It is 
preferred that an active layer of the TFT is made of 
polysilicon. 
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Such a structure makes it possible to produce 
an active-driving organic EL light emission device 
v^^hose TFT has high endurance since the active lay- 
er made of polysillcon has preferable resistance 
against the amount of electricity. s 
[11] In the structure of the active-driving organic EL 
light emission device of the present invention, it is 
preferred that an interlayer insulating film is formed 
on the TFT, the lower electrode of the organic EL 
element is deposited on the Interlayer insulating io 
film, and the TFT and the lower electrode are elec- 
trically connected to each other through a via hole 
made in the interlayer insulating film. 

Such a structure makes it possible to obtain su- 
perior electrical insulation between the TFT and the ^5 
organic EL element. 

[12] In the structure of the active-driying organic EL 
light emission device of the present Invention, It is 
preferred that charges are Injected from the auxil- 
iary electrode to the main electrode and transported 20 
in parallel to a main surface of a substrate, and sub- 
sequently the charges are injected to the organic 
luminous medium. 

Such a structure makes it possible to adopt a 
non-metal compound for the main electrode so that 25 
the transparency of the main electrode can be im- 
proved. The non-metal compound herein means, 
for example, a non-degenerate semiconductor, an 
organic conductor, or a semiconductive carbon 
compound that will be described later. 30 
[1 3] In the structure of the active-driving organic EL 
light emission device of the present invention, it Is 
preferred that the sheet resistivity of the main elec- 
trode is set to a value within the range of 1 K to 10 
MQ/Q In the structure of the active-driving organic 35 
EL light emission device of the present invention, it 
is preferred that the sheet resistivity of the auxiliary 
electrode is set to a value within the range of 0.01 
tolOQ/Q 

Adoption of such a structure for the respective 40 
electrodes makes it possible to send electrical cur- 
rent giving a high luminous brightness and cause a 
certain drop in the sheet resistivity of the upper elec- 
trode. 

[14] In the structure of the active-driving organic EL 45 
light emission device of the present invention, it is 
preferred that a color filter for color-converting the 
taken-out light and a fluorescent film, or one thereof 
is arranged on the side of the upper electrode. 

Such a structure makes it possible to color-con- so 
vert luminescence taken out from the upper elec- 
trode in the color filter or the fluorescent film so that 
full-color display can be performed. 
[15] In the structure of the active-driving organic EL 
light emission device of the present invention, it is ss 
preferred that a black matrix is formed on a part of 
the color filter or the fluorescent film, and the black 
matrix and the auxiliary electrode overiap with each 



other in a vertical direction. 

Such a structure makes it possible to suppress 
reflection of outdoor daylight on the auxiliary elec- 
trode effectively by the black matrix and make nu- 
merical aperture wide. 

[16] In the structure of the active-driving organic EL 
light emission device of the present invention, it is 
preferred that the auxiliary electrode is formed on 
the main electrode, and an area of the auxiliary 
electrode is smaller than that of the main electrode. 

Such a structure makes it possible to form the 
auxiliary electrode after the main electrode is 
formed. Therefore, it is easier to form the auxiliary 
electrode. 

[17] In the structure of the active-driving organic EL 
light emission device of the present invention, it is 
preferred that the auxiliary electrode is embedded 
in a sealing member surrounding a periphery there- 
of. 

Such a structure does not cause the thickness 
of the organic EL light emission device to be exces- 
sively large on the basis of the thickness of the aux- 
iliary electrode. Since the auxiliary electrode can be 
formed beforehand in the sealing member, sealing 
based on the sealing member and electrical con- 
nection between the auxiliary electrode and the 
main electrode can be performed at the same time. 
[18] In the structure of the active-driving organic EL 
light emission device of the present invention, it is 
preferred that the auxiliary electrode is closely ar- 
ranged between the sealing member and the main 
electrode. 

Such a structure makes it possible to perform 
sealing based on the sealing member and electrical 
connection between the auxiliary electrode and the 
main electrode at the same time. 
[19] According to another embodiment of the 
present invention, when an active-driving organic 
EL light emission device is made, there is used a 
method for manufacturing an active-driving organic 
EL light emission device comprising an organic EL 
element having an organic luminous medium be- 
tween an upper electrode and a lower electrode, 
and a thin film transistor for driving the organic EL 
element, the method comprising the steps of form- 
ing the organic EL element and forming the thin film 
transistor, wherein during the step of forming the or- 
ganic EL element, the lower electrode and the or- 
ganic luminous medium are formed and subse- 
quently a main electrode is formed from a transpar- 
ent conductive material (embracing a transparent 
semiconductor material) and the upper electrode is 
formed by forming an electrically auxiliary electrode 
formed from a low-resistance material. 

[0022] According to such an embodiment, it is possi- 
ble to provide an active-driving organic EL light emission 
device wherein numerical aperture is large even if the 
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TFT is disposed and further the sheet resistivity of the 
upper electrode is low even if luminescence is taken out 
from the side of the upper electrode. 

Brief Description of the Drawings 

[0023] 



Detailed Description of the Preferred Embodiments 

[0024] Embodiments of the present invention will be 
specifically described hereinafter, referring to the draw- 
ings. In the drawings for reference, the size and the 
shape of respective constituent components and the ar- 
rangement relationship thereof are merely illustrated 
schematically to such an extent that this invention can 
be understood. Therefore, this invention is not limited to 
the illustrated examples. In the drawings, hatching rep- 
resenting a section may be omitted. 

[First embodiment] 

[0025] As illustrated in FIG. 1 , an active-driving organ- 
ic EL light emission device of a first embodiment is an 
active-driving organic EL light emission device 61 hav- 
ing, on a substrate 10, TFTs 14 embedded in an electri- 
cally insulating film 12, an interlayer insulating film (flat- 
tening film) 13 deposited on the TFTs 14, organic EL 
elements 26, each of which comprises an organic lumi- 
nous medium 24 between an upper electrode 20 and a 
lower electrode 22, and electric connecting portions 28 
for connecting the TFT 14 with the organic EL element 
26. 

[0026] In order to take out luminescence (EL light) of 
the organic EL element 26 and make the resistance of 
the upper electrode 20 low in the first embodiment, the 
upper electrode 20 comprises a main electrode 16 made 
of transparent conductive material and an auxiliary elec- 
trode 18 made of low-resistance material. 
[0027] The following will describe constituent ele- 
ments of the first embodiment, and the like, referring ap- 
propriately to FIG. 2. 

[0028] FIG. 2 illustrates an active-driving organic EL 
light emission device 62 having a structure wherein the 
interlayer insulating film (flattening film) 13 illustrated in 
FIG. 1 is removed. In FIG. 2, the electrically insulating 
film 12 in which the TFTs 14 are embedded functions as 
the interiayer insulating film. 

1 . Substrate 

[0029] The substrate (which may be referred to as a 

supporting substrate) in the organic EL display device 
is a member for supporting the organic EL element, the 
TFTs, and the like. Therefore, it is preferred that me- 
chanical strength and dimensional stability thereof are 
superior. 

[0030] Specific examples of such a substrate include 
glass substrates, metal substrates, ceramic substrates 
and plastic substrates (polycarbonate resin, acrylic res- 
in, vinyl chloride resins, polyethylene terephthalate res- 
in, polyimide resin, polyester resin, epoxy resin, phenol 
resin, silicone resin, fluorine resin and the like). 
[0031] In order to avoid entry of water into the organic 
EL display device, it is preferred that the substrate made 
of such a material is subjected to moisture proof treat- 



FIG. 1 is a sectional view of an active-driving organ- 
ic EL light emission device in a first embodiment io 
FIG. 2 is a sectional view of an example of an active- 
driving organic EL light emission device wherein an 
interlayer Insulating film in the first embodiment is 
removed. 

FIG. 3 is a sectional view of an example wherein 15 
the arrangement of auxiliary electrodes in the first 
embodiment is modified (No. 1 ). 
FIG. 4 Is a schematic view of an example wherein 
the auxiliary electrodes in the first embodiment are 
regularly placed. 20 
FIG. 5 is a sectional view of an active-driving organ- 
ic EL light emission device in a second embodi- 
ment. 

FIG. 6 is a sectional view of an example wherein 
the arrangement of auxiliary electrodes in the first 25 
embodiment Is modified (No. 2). 
FIG. 7 is a sectional view of an active-driving organ- 
ic EL light emission device in a third embodiment 
(No. 1). 

FIG. 8 is a sectional view of an active-driving organ- 30 
ic EL light emission device in the third embodiment 

(No. 2). 

FIG. 9 is a view supplied for explanation of a TFT. 
FIG. 10 is a circuit diagram of an example of an ac- 
tive-driving organic EL light emission device. 35 
FIG. 11 is a seeing-through view of an active-driving 
organic EL light emission device according to the 
circuit diagram shown in FIG. 10 along its plan di- 
rection. 

FIG. 1 2 is a view illustrating a part of the process of 40 
forming TFTs. 

FIG. 13 is a sectional view of an auxiliary electrode 
(No. 1). 

FIG. 14 is a sectional view of an auxiliary electrode 
(No. 2). ^5 
FIG. 15 is a sectional view of an auxiliary electrode 
(No. 3). 

FIG. 1 6 is a sectional view of an auxiliary electrode 
(No. 4). 

FIG. 17 is a sectional view of a modification exam- so 
pie of the active-driving organic EL light emission 
device in the first embodiment 
FIG. 1 8 is a sectional view of a conventional active- 
driving organic EL light emission device (No. 1). 
FIG. 1 9 Is a sectional view of a conventional active- 55 
driving organic EL light emission device. It is a sec- 
tional view of an auxiliary electrode (No. 2). 
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ment or hydrophobic treatment, based on the formation 
of an inorganic film or the application of a fluorine resin. 
[0032] In order to avoid entry of water into the organic 
luminous medium, it is particularly preferred that the wa- 
ter content and the gas permeability coefficient of the 
substrate are made small. Specifically, it is preferred to 
set the water content of the supporting substrate and 
the gas permeability coefficient thereof to 0.0001% or 
less by weight, and 1 x lO-'^^ cc • cm/cm^ • sec. cmHg 
or less, respectively. 

[0033] In order to take out EL light from the side op- 
posite to the substrate, that is, the side of the upper elec- 
trodes in the present invention, the substrate does not 
necessarily needs to have transparency. 

2. Organic EL element 

(1) Organic luminous medium 

[0034] The organic luminous medium can be defined 
as a medium comprising an organic luminous layer 
wherein an electron and a hole are recombined with 
each other so that EL light can be emitted. Such an or- 
ganic luminous medium can be made, for example, by 
laminating the following respective layers on an anode. 

® organic luminous layer 
@ hole injection layer/organic luminous layer 
© organic luminous layer/electron injection layer 
@ hole injection layer/organic luminous layer/elec- 
tron Injection layer 

(§) organic semiconductor layer/organic luminous 
layer 

© organic semiconductor layer/electron barrier 
layer/organic luminous layer 
® hole Injection layer/organic luminous layer/ad- 
hesion improving layer 

[0035] Among these structures, the structure of the 

@ is preferably used in ordinary cases since the struc- 
ture makes it possible to give a higher luminous bright- 
ness and is superior in endurance. 

® Constituent material 

[0036] The luminous material in the organic luminous 
medium may be one or a combination of two or more 
selected from p-quarterphenyl derivatives, p-quin- 
quephenyl derivatives, benzothiazole compounds, ben- 
zoimidazole compounds, benozoxazole compounds, 
metal-chelated oxinoid compounds, oxadiazole com- 
pounds, styrylbenzene compounds, distyrylpyrazine 
derivatives, butadiene compounds, naphthalimide com- 
pounds, perylene derivatives, aldazine derivatives, 
pyrazyline derivatives, cyclopentadiene derivatives, 
pyrrolopyrrole derivatives, styrylamine derivatives, cou- 
matin compounds, aromatic dlmethylldene compounds, 
metal complexes having an 8-quinolinol derivative as a 



ligand, and polyphenyl compounds. 
[0037] Among these organic luminous materials, 
more preferred are 4,4'-bis(2,2-di-t-butylphenylvinyl)bi- 
phenyl (abbreviated to DTBPBBi), 4,4'-bis(2,2-diphe- 

5 nylvinyl)blphenyl (abbreviated to DPVBi) and deriva- 
tives thereof as the aromatic dimethylidene compounds. 
[0038] It is also preferred to use a material wherein 
an organic luminous material having a distyrylarylene 
skeleton and the like, as a host material, is doped with 

10 an intensely fluorescent colorant having a color In from 
blue to red, as a dopant, for example, a coumalin type 
material or a fluorescent colorant that is equivalent to 
the host. More specifically, it is preferred to use the 
above-mentioned DPVBi and the like, as the host ma- 

15 terlal, and 1 ,4-bis[{4-N,N -diphenylamlno}styryl]ben- 
zene (abbreviated to DPAVB), as the dopant. 
[0039] It is preferred to use, for the hole injection layer 
In the organic luminous medium, a compound having a 
hole mobility of 1 x 10-^ cxvP-N • second or more and an 

20 ionization energy of 5.5 eV or less. The hole mobility is 
measured in the case that a voltage of 1 x 10"^ to 1 x 
10^ V/cm is applied thereto. The deposit of such a hole 
injection layer makes injection of holes Into the organic 
luminous layer satisfactory so that high luminous bright- 

25 ness can be obtained or low-voltage driving can be at- 
tained. 

[0040] Specific examples of the constituent material 
of such a hole injection layer include organic com- 
pounds such as porphyrin compounds, aromatic tertiary 

30 amine compounds, styryl amine compounds, aromatic 
dimethylidene compounds, and condensed aromatic 
ring compounds, for example, 4,4'-bis[N-(1-naphtyl)-N- 
phenyiaminojbiphenyl (abbreviated to NPD) and 4,4',4"- 
tris[N-(3-methylphenyl)-N-phenyIamino]triphenylamine 

35 (abbreviated to MTDATA). 

[0041] As the constituent material of the hole Injection 
layer, an inorganic compound such as p-type SI or p- 
type SiC is preferably used. 

[0042] An organic semiconductor layer having a con- 

40 ductivity of 1 x 10-^0 S/cm or more is preferably ar- 
ranged between the hole injection layer and an anode 
layer, or between the hole Injection layer and the organic 
luminous layer. The arrangement of such an organic 
semiconductor layer makes injection of the holes Into 

45 the organic luminous layer more satisfactory. 

[0043] It is also preferred to use, for the electron in- 
jection layer in the organic luminous medium, a com- 
pound having an electron mobility of 1 x 10-® cm^A/ • 
second or more and an ionization energy of more than 

50 5.5 eV. The electron mobility is measured in the case 
that a voltage of 1 x 10^ to 1 x 106 v/cm is applied 
thereto. Deposit of such an electron Injection layer 
makes injection of electrons into the organic luminous 
layer satisfactory so that high luminous brightness can 

55 be obtained or low-voltage driving can be attained. 
[0044] Specific example of the constituent materia! of 
such an electron Injection layer Include a metal complex 
of 8-hydroxyqulnollne (Al chelate: Alq). derivatives 
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thereof or oxazole derivatives and the like. 
[0045] The adhesion innproving layer in the organic lu- 
minous medium may be regarded as one form of the 
electron injection layer, that is, a layer which Is one of 
the electron Injection layers and is made of a material 5 
that Is particularly good in adhesiveness to the cathode. 
This layer is preferably made of a metal complex of 8-hy- 
droxyquinoline, a derivative thereof and the like, 
[0046] It is also preferred to deposit an organic sem- 
iconductor layer having a conductivity of 1 X IQ-'^os/cm 
or more to contact the electron injection layer. The de- 
posit of such an organic semiconductor layer makes the 
Injection of electrons into the organic luminous layer 
more satisfactory. 

@ Thickness 

[0047] The thickness of the organic luminous medium 

is not particularly limited. It is preferred to set the thick- 
ness to a value within the range of, for example, 5 nm 
to 5 [xm. 

[0048] The reason for this is as follows . If the thick- 
ness of the organic luminous medium Is below 5 nm, 
luminous brightness or endurance may be lowered. On 
the other hand, if the thickness of the organic luminous 
medium is over 5 |xm, the value of applied voltage may 
be raised. 

[0049] Accordingly, the thickness of the organic lumi- 
nous medium is preferably set to a value within the 
range of 10 nm to 3 |jim, and more preferably set to a 
value within the range of 20 nm to 1 ^.m. 

(2) Upper electrodes 

® Structure 1 

[0050] As shown in FIG. 1 , in the first embodiment, 
the upper electrode 20 is characterized by being com- 
posed of the main electrode 16 comprising transparent 
conductive material, and the auxiliary electrode 18 com- 
prising low-resistance material. 
[0051] The sheet resistivity of the upper electrode 20 
can be remarkably reduced by arranging not only the 
main electrode 16 but also the auxiliary electrode 18 
comprising low-resistance material In the above-men- 
tioned manner. Therefore, the organic EL element 26 
can be driven at a low voltage and power consumption 
can be reduced. 

[0052] The main electrode 16 shown In FIG. 1 is made 
of transparent conductive material, for example, a ma- 
terial having a transmisslvlty of 10% or more and pref- 
erably having a transmisslvlty of 60% or more. There- 
fore, EL light can be effectively taken out through the 
main electrode 16 to the outside. Thus, even if the TFT 
14 and the like are set up, the aperture ratio of the pixels 
31 can be made large. 



@ Structure 2 

[0053] As shown in FIGs. 1 3 to 1 5, about the structure 
of the auxiliary electrode 18 In the upper electrode 20, 
the auxiliary electrode 18 is preferably composed of an 
upper auxiliary electrode 17 and a lower auxiliary elec- 
trode 19. 

[0054] Such a structure makes it possible to connect 
the lower auxiliary electrode 19 electrically to the main 
electrode 16 even if the upper auxiliary electrode 17 Is 
electrically insulated. Contrarily, even if the lower auxil- 
iary electrode 19 is electrically insulated, the upper elec- 
trode 17 can be connected electrically to the main elec- 
trode 16. 

[0055] Such a structure also makes it possible to use 
different constituent materials to make the respective 
electrodes. Therefore, the electrical connection be- 
tween the auxiliary electrode 18 and the main electrode 
1 6 is made more certain. In the case that the main elec- 
trode 16 is electrically connected to the upper auxiliary 
electrode 17 comprising a metal material through the 
lower auxiliary electrode 19 comprising a semiconduc- 
tor material having relatively good capability of connect- 
ing any transparent oxide conductive material as well as 
any metal, for example, an indium zinc oxide (IZO) as 
an amorphous inorganic oxide, the electrical connection 
between the auxiliary electrode 18 and the main elec- 
trode 16 Is made more certain than, for example, in the 
case that the main electrode 16 comprising a transpar- 
ent oxide conductive material is electrically connected 
directly to the auxiliary electrode 18 comprising a metal 
material. 

[0056] Furthermore, such a structure makes it possi- 
ble to use constituent materials having different etching 
properties to make the respective auxiliary electrodes. 
Therefore, the sectional shape of the auxiliary electrode 
18 can easily be made into an overhang form as de- 
scribed below. 

® Structure 3 

[0057] As shown in FIGs. 1 3 to 1 6, about the structure 
of the auxiliary electrode 18 in the upper electrode 20. 
the sectional shape of the auxiliary electrode 18 Is pref- 
erably made into an overhang form. 
[0058] The reason for this is that the auxiliary elec- 
trode can be electrically connected to the main electrode 
16 through the overhanging lower portion even if an in- 
sulating film is deposited on the auxiliary electrode 18. 
[0059] Specifically, If after the formation of the auxil- 
iary electrode 18 an insulating film or an organic lumi- 
nous medium Is formed by vapor deposition and the like 
and further the main electrode 1 6 is formed, the insulat- 
ing film covers the auxiliary electrode 18 so that It may 
become difficult to connect the auxiliary electrode 18 
electrically to the main electrode 16. 
[0060] On the other hand, in the case that the section- 
al shape of the auxiliary electrode 1 8 is in the overhang 
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form, an insulating film, even when being deposited by 
vapor-deposition and the like, is not easily adhered to 
the side of the auxiliary electrode 18. Using this naked 
side of the auxiliary electrode 18, electrical connection 
to the main electrode 16 can be made sure. 
[0061] For example, in FIG. 14, the upper electrode 

17 is electrically insulated by the organic luminous me- 
dium 24 and the like while the lower electrode 1 9 Is elec- 
trically connected to the main electrode 16. This dem- 
onstrates connection-easiness of the auxiliary electrode 

18 originating from this structure. 

[0062] The sectional shape of the auxiliary electrode 
18 can easily be made into an overhang form by com- 
posing the auxiliary electrode 18 of the lower and upper 
electrodes 19 and 17 and making the two electrodes 19 
and 17 from constituent materials having different etch- 
ing rates. Specifically, it is preferred to make the lower 
auxiliary electrode 19 from a metal material such as A! 
or Al alloy, and make the upper auxiliary electrode 17 
from a non-metal material such as silica, alumina, Si ni- 
tride, Cr nitride, Ta nitride or W nitride. 
[0063] The lower auxiliary electrode 1 9 and the upper 
auxiliary electrode 17 are made from, for example, Al 
and Cr, respectively, and Cr is etched with an ammoni- 
um cerium nitrate solution in a photolithographic man- 
ner. Thereafter, Al is further etched with a mixed solution 
of phosphoric acid, nitric acid, and acetic acid, so that 
only Al of the lower auxiliary electrode 1 9 is over-etched . 
Thus, an overhang can easily be obtained. 
[0064] Examples of such an overhang are shown In 
FIGs. 1 3 to 1 6. The overhang may have various shapes. 
It is allowable to use the auxiliary electrode 18 in an 
overhang form having a bilayer structure composed of 
the lower auxiliary electrode 19 and the upper auxiiiary 
electrode 17, and as shown in FIG. 16(e), an auxiliary 
electrode 18 in an overhang form having a three-layer 
structure. 

[0065] Arrows in FIGs. 1 3 to 1 6 represent the project- 
ing direction of the overhangs. 

® Structure 4 

[0066] As shown in FIG. 4, about the structure of the 
auxiliary electrodes 18 in the upper electrode 20, it is 
preferred that the auxiliary electrodes 18, when are 
viewed from the above, are regularly placed in a plane. 
[0067] This makes it possible to make the ohmic value 
of the upper electrodes highly and uniformly low. The 
regularly placement of the auxiliary electrodes 18 
makes the production thereof easy. 

© Structures 

[0068] As shown in FIGs. 1 and 2, about the structure 
of the auxiliary electrodes 18 in the upper electrode 20, 
It is preferred that the auxiliary electrode 18. when 
viewed from the above, is arranged between the lower 
auxiliary electrodes 22 adjacent to each other. This Is 



demonstrated by, for example, arrangement of the aux- 
iliary electrode 18 between adjacent pixels 31 drawn by 
dot lines in FIG. 2. 

[0069] In short, such arrangement of the auxiliary 
5 electrode 18 makes It possible to obtain a higher lumi- 
nous brightness without making the numerical aperture 
of the pixels 31 narrow. 

[0070] It is preferred as another arrangement of the 
auxiliary electrodes 18 that in the case that a color filter 
10 or a fluorescent film 60 shown in FIG. 5 is arranged and 
further a black matrix (light shading portions) is arranged 
in perpendicular direction positions corresponding to the 
gaps between lower electrodes 22, the auxiliary elec- 
trodes 18 are arranged in the manner that the light shad- 
es ing portion of the black matrix and the auxiliary electrode 
overlap with each other in the perpendicular direction. 
[0071] Such a structure does not make the aperture 
ratio of pixels narrow even if the black matrix is arranged 
and makes it possible to prevent reflection light on the 
20 auxiliary electrodes effectively. 

(D structure 6 

[0072] As shown in FIGs. 1 and 2, about the structure 
25 of the auxiliary electrodes 1 8 in the upper electrode 20, 
it is preferred that the auxiliary electrodes 1 8 are depos- 
ited on the electrically insulating film 12 for insulating 
the TFTs 14 and the interlayer insulating film (flattening 
film) 13, or either one of the insulating film 12 or 13. 
30 [0073] Such a structure makes it possible to reduce 
electric capacity made between the auxiliary electrode 
and wiring related to the TFT. Thus, switching operation 
of the organic EL elements can become fast. 
[0074] Further, as shown in FIG. 3, as another ar- 
35 rangement of the auxiliary electrodes 1 8, it is preferred 
that an electrically Insulating film 25, which is different 
from the interiayer insulating film 13, is arranged be- 
tween adjacent lower electrodes 22 and the auxiliary 
electrodes 18 are formed on the insulating film 25. 
40 [0075] Such a structure makes it possible to reduce a 
short circuit between the lower electrode 22 and the up- 
per electrode 20 that is caused in a step of the lower 
electrode 22, or a leakage. Thus, Image defects can be 
reduced. 

45 [0076] As shown in FIG. 6, as the arrangement of the 
auxiliary electrodes 18, it is preferred that the auxiliary 
electrodes 18 are formed on the main electrodes 1 6 and 
the area of the auxiliary electrodes 18 is made smaller 
than that of the main electrodes 16. 
50 [0077] Such a structure does not make the aperture 
ratio of pixels narrow, and makes it easy to form the aux- 
iliary electrodes and adjust the sheet resistivity of the 
auxiliary electrodes. 

[0078] Needles to say, the structure 6 about the ar- 
55 rangement relative to the Interiayer insulating film and 
the like satisfies the arrangement of the structure 5 since 
the auxiiiary electrode 18 Is arranged between the ad- 
jacent lower electrodes 22. 
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® Constituent material 1 

[0079] The upper electrode 20 (tlie main electrode 1 6 
and the auxiliary electrode 18) in FIG. 1 and the like cor- 
responds to an anode layer or a cathode layer depend- 
ently on the structure of the organic EL element. In the 
case of the anode layer, a constituent material having a 
large work function, for example, a work function of 4.0 
eV or more is preferably used since holes are easily in- 
jected therein. In the case of the cathode layer, a con- 
stituent material having a small work function, for exam- 
ple, a work function of less than 4.0 eV is preferably used 
since electrons are easily injected therein. 
[0080] On the other hand, in order to take out lumi- 
nescence to the outside in the first embodiment, it is es- 
sential that the constituent material of the main elec- 
trode 16 in the upper electrode 20 has given transpar- 
ency. 

[0081] Thus, in the case that the upper electrode 20 
corresponds to the anode layer, the constituent material 
of the main electrode 16 may be specifically one or a 
combination of two or more selected from indium tin ox- 
ide (ITO), indium zinc oxide (IZO), copper iodide (Cul), 
tinoxide (Sn02), zinc oxide (ZnO), antimony oxide 
(Sb203, Sb204, and Sb205), aluminum oxide (AI2O3) 
and the like. 

[0082] In order to make the resistance of the main 
electrode 16 low without damaging the transparency 
thereof, it Is preferred to add one or a combination of 
two ore more selected from Pt, Au, Nl, Mo. W, Cr, Ta, Al 
metal and the like in the fomn of the thin film. 
[0083] In the first embodiment, the sheet resistivity of 
the upper electrode 20 can be reduced by not only the 
transparent material but also the auxiliary electrode 18. 
For the main electrode 16, therefore, at least one con- 
stituent material can be selected from light transparent 
metal films, non-degenerate semiconductors, organic 
conductors, semiconductive carbon compounds and 
the like. 

[0084] For example, for the organic conductor, pre- 
ferred is a conductive conjugated polymer, an oxidizing 
agent-added polymer, a reducing agent-added polymer, 
an oxidizing agent-added low-molecule, or a reducing 
agent-added low-molecule. 

[0085] The oxidizing agent added to the organic con- 
ductor may be a Lewis acid such as iron chloride, anti- 
mony chloride or aluminum chloride. The reducing 
agent added to the organic conductor may be an alkali 
metal, an alkali earth metal, a rare earth metal, an alkali 
compound, an alkali earth compound, a rare earth metal 
compound, and the like. The conductive conjugated pol- 
ymer may be polyaniliine or a derivative thereof, poly- 
thiophene or a derivative, a Lewis acid added amine 
compound layer, and the like. 

[0086] Preferred specific examples of the non-degen- 
erate semiconductor include oxides, nitrides, and chai- 
cogenide compounds. 

[0087] Preferred specific examples of the carbon 



compound include amorphous C, graphite, and dia- 
mond-like C. 

[0088] Preferred specific examples of the inorganic 
semiconductor include ZnS, ZnSe, ZnSSe, MgS, 
5 MgSSe, CdS, CdSe, CdTe and CdSSe and the like. 

® Constituent material 2 

[0089] It is necessary that the auxiliary electrode 18 

10 shown in FIG. 1 and the like is made of low-resistance 
material. It is preferred to use low-resistance material 
having a specific resistance within the range of. for ex- 
ample, 1 X 10"5 to 1 X 10-3 Q, . cm. 
[0090] The reason for this Is as follows. A material 

15 having a specific resistance of less than 1 x 1 0-^ a - cm 
cannot be easily realized. On the other hand, if the spe- 
cific resistance is over 1 x 1 0"^ O • cm, it may be difficult 
to make the resistance of the upper electrode low. 
[0091] Therefore, the specific resistance of the low- 

20 resistance material constituting the auxiliary electrode 
is more preferably set to a value within the range of 2 x 
10"^ to 5 X 10-4 ' cm, and still more preferably set to 
a value within the range of 2 x 10-5 to 1 x 10"^ Q • cm. 
[0092] The sheet resistivity of the auxiliary electrode 

25 18 is preferably set to a value within the range of 0.01 
to 10 n/Q The reason for this is as follows. If the sheet 
resistivity is below 0.01 Q/D, it may be necessary to 
make the upper electrode thick or the material for use 
may be excessively restricted. On the other hand, the 

30 sheet resistivity is over 1 0 Q/Q the resistance of the up- 
per electrode may not be easily made low or the upper 
electrode becomes too thin to be formed. Therefore, the 
sheet resistivity of the auxiliary electrode is more pref- 
erably set to a value within the range of 0.01 to 10 Q/D 

35 and still more preferably set to a value within the range 
of 0.01 to 5 Q/Q 

[0093] As a preferred low-resistance material consti- 
tuting the auxiliary electrode 18, various metals used in 
wiring electrodes are preferably used. Specifically, it Is 

40 preferred to contain one or a combination of two or more 
selected from Al, alloys of A! and a transition metal (Sc, 
Nb, Zr. Hf, Nd, Ta, Cu, Si, Cr. Mo, Mn, Ni, Pd, Pt and W 
and the like), Ti, titanium nitride (TIN), and the like. 
[0094] Such low-resistance material Is more prefera- 

45 biy Al or an alloy of Ai and a transition metal. In the case 
that an alloy of Al and a transition metal is used, the 
content by percentage of the transition metal is prefer- 
ably 10% or less by atom (referred to as at.% or atm%), 
more preferably 5% or less by atom, and still more pref- 

50 erably 2% or less by atom. This is because as the tran- 
sition metal content is smaller, the sheet resistivity of the 
auxiliary electrode can be made lower. 
[0095] In the case that the above-mentioned metal is 
used as the main component, the amounts of used AI, 

55 Ti and TIN are preferably 90-100% by atom, 90-100% 
by atom, and 90-100% by atom, respectively. 
[0096] When two or more of these metals are used, 
the blend ratio thereof Is arbitrary. The TI content Is 1 0% 
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or less by atom is preferred, for example, when a mixture 

of Al and Ti is used. 

[0097] Furthermore, plural layers comprising these 
metals may be laminated to make the auxiliary electrode 
18. 

d) Thickness 

[0098] The thickness of the main electrode 16 and the 
auxiliary electrode 18 shown in FIG. 1 and the like Is 
preferably decided under consideration of the sheet re- 
sistivity and the like. Specifically, the thickness of each 
of the main electrode 16 and the auxiliary electrode 18 
is preferably a value of 50 nm or more, more preferably 
a value of 100 nm or more, and still more preferably a 
value within the range of 100 to 5,000 nm. 
[0099] The reason for this is as follows. Setting the 
thickness of the main electrode 16 and the auxiliary 
electrode 1 8 to a value within such a range makes it pos- 
sible to obtain a uniform thickness distribution and a 
transmissivlty of 60% or more about light emission (EL 
light). Moreover, the sheet resistivity of the upper elec- 
trode 20 comprising the main electrode 16 and the aux- 
iliary electrode 18 can be made to 15 Q/Uor less, and 
more preferably 10 Q/Dor less. 

(3) Lower electrode 

® Constituent material 

[0100] The lower electrode 22 shown in FIG. 1 and 
the like also corresponds to an anode layer or a cathode 
layer dependently on the structure of the organic EL dis- 
play device. When the lower electrode 22 corresponds 
to, for example, a cathode, it Is preferred to use a metal, 
alloy or electrically conductive compound which has a 
small work function (for example, less than 4.0 eV), a 
mixture thereof, or a substance containing It. 
[0101] Specifically, a single or a combination of two 
or more selected from the following electrode materials 
is preferably used: sodium, sodium-potassium alloys, 
cesium, magnesium, lithium, magnesium-silver alloys, 
aluminum, aluminum oxides, aluminum-lithium alloys, 
indium, rare earth metals, mixture of any one of these 
metals and an organic luminous medium material, mix- 
tures of any one of these metals and an electron injec- 
tion layer material, and the like. 

[0102] Moreover, since luminescence is taken out 
from the side of the upper electrodes 20 in the present 
invention, the constituent material of the lower elec- 
trodes 22 does not necessarily need to have transpar- 
ency. In a preferred embodiment, the lower electrode is 
made of a light-absorbing conductive material. Such a 
structure makes it possible to improve contrast of the 
organic EL display device still more. Preferred examples 
of the light-absorbing conductive material in this case 
Include semlconductlve carbon materials, organic com- 
pounds having a color, combinations of the above-men- 



tioned reducing agent and oxidizing agent, and conduc- 
tive oxides having a color (transition metal oxides such 
as VOx, MoOx and WOx). 



[01 03] In the same way as for the upper electrode 20, 
the thickness of the lower electrode 22 is not particularly 
limited, either. Specifically, the thickness is preferably a 
10 value within the range of 1 0 to 1 .000 nm, and more pref- 
erably a value within the range of 10 to 200 nm. 

(4) Interlayer insulating film 

15 [0104] The interlayer insulating film (electrically Insu- 
lating film) 13 in the organic EL display device 61 shown 
in FIG. 1 is present near or around the organic EL ele- 
ment 26, and is used to make the whole of the organic 
EL display device 61 minute and prevent a short circuit 
20 between the lower electrode 22 and the upper electrode 
20 in the organic EL element 26. When the organic EL 
element 26 Is driven by the TFT 14, the interlayer Insu- 
lating film 1 3 is also used as an undercoat for protecting 
the TFT 14 and for depositing the lower electrode 22 of 
25 the organic EL element 26 flatly. 

[01 05] For this reason, the interlayer insulating film 1 3 
may be referred to as a different name such as a barrier, 
a spacer, or a flattening film, if necessary. In the present 
invention, the interlayer insulating film embraces them. 

30 

® Constituent material 

[0106] Examples of the constituent material used in 
the interlayer insulating film 13 shown in FIG. 1 usually 

35 include acrylic resin, polycarbonate resin, polyimide res- 
in, fluorinated polyimide resin, benzoguanamine resin, 
melamine resin, cyclic polyolefin, Novolak resin, polyvi- 
nyl cinnamate, cyclic rubber, polyvinyl chloride resin, 
polystyrene, phenol resin, alkyd resin, epoxy resin, poly- 

40 urethane resin, polyester resin, maleic acid resin, and 
polyamlde resin and the like. 

[0107] In the case that the interlayer insulating film is 
made of an inorganic oxide, preferred examples of the 
inorganic oxide include silicon oxide (Si02 or SiO^), alu- 

45 minum oxide (AI2O3 or AlOx), titanium oxide (Ti02 or 
TiOx), yttrium oxide (Y2O3 or YOy), germanium oxide 
(Ge02 or GeOJ, zinc oxide (ZnO), magnesium oxide 
(MgO), calcium oxide (CaO), boric acid (B2O3), stron- 
tium oxide (SrO), barium oxide (BaO), lead oxide (PbO), 

50 zirconia (Zr02), sodium oxide (Na20), lithium oxide 
(Li20), and potassium oxide (KgO). The value x in the 
inorganic compound Is a value within the range of 1 < x 
<3. 

[0108] In the case that heat-resistance is particularly 
55 required, it is preferred to use acrylic resin, polyimide 
resin, fluorinated polyimide, cyclic polyolefin, epoxy res- 
in, or inorganic oxide. 

[0109] These interlayer insulating films, when being 



5 0 Thickness 



20 



25 



11 



21 



EP 1 191 820 A1 



22 



organic, can be worked into a desired pattern by intro- 
ducing a photosensitive group thereto and using photo- 
lithography method, or can be formed into a desired pat- 
tern by printing. 

@ Thickness of the interlayer insulating film, and the 
like 

[0110] The thickness of the interlayer insulating film 
depends on the minuteness of display, a fluorescent me- 
dium combined with the organic EL element, or uneven- 
ness of a color filter, and is preferably a value within the 
range of 10 nm to 1 mm. 

[0111] This is because such a structure makes it pos- 
sible to make the unevenness of the TFT and the like 
sufficiently flat. 

[01 1 2] Accordingly, the thickness of the interlayer In- 
sulating film is more preferably a value within the range 
of 100 nm to 100 jim, and still more preferably a value 
within the range of 100 nm to 10 |j.m. 

(D Forming method 

[0113] The method for forming the interlayer insulat- 
ing film is not particularly limited. The layer is preferably 
deposited by, for example, spin coating method, casting 
method, screen-printing method and the like, or is pref- 
erably deposited by sputtering method, vapor-deposi- 
tion method, chemical vapor deposition method (CVD 
method), ion plating method, and the like. 

3. Thin film transistor (TFT) 

(1 ) Structure 

[0114] As shown in FIG. 9, one example of the organic 
active EL light emission device 68 has, on a substrate 
10, a TFT 14 and an organic EL element 26 driven by 
this TFT 14. 

[01 15] An interlayer insulating film 1 3 whose surface 
(upper surface) is made flat is arranged between the 
TFT 14 and a lower electrode 22 of the organic EL ele- 
ment 26. A drain 47 of the TFT 14 and the lower elec- 
trode 22 of the organic EL element 26 are electrically 
connected to each other through a contact hole 54 made 
in this interlayer insulating film 13. 
[0116] As shown In FIG. 10, scanning electrode lines 
(Yj-Yj+n) 50 and signal electrode lines (Xi-Xi+n) 51 ar- 
ranged in an XY matrix are electrically connected to the 
TFT 14. Furthermore, common electrode lines (Ci-Ci+n) 
52 are electrically connected in parallel to the TFTs 14. 
[01 17] It is preferred that these electrode lines 50, 51 
and 52 are electrically connected to the TFT 1 4 and they, 
together with a capacitance 57, constitute an electric 
switch for driving the organic EL element 26. Specifical- 
ly, it is preferred that this electric switch is electrically 
connected to the scanning electrode line,, the signal 
electrode line and the like, and comprises, for example, 



at least one first transistor (which may be referred to as 
Tr1 hereinafter) 55, a second transistor (which may be 
referred to as Tr2 hereinafter), and the capacitance 57. 
[01 18] It is preferred that the first transistor 55 has a 
5 function for selecting a luminous pixel and the second 
transistor 56 has a function for driving the organic EL 
element. 

[0119] As shown in FIG. 9, an active layer 44 in the 
first transistor (Trl ) 55 and the second transistor (Tr2) 

10 56 is a portion shown as n+/i/n+. It is preferred that the 
two sides n+ are composed of semiconductor regions 
45 and 47 doped into the n type and i therebetween is 
composed of a non-doped semiconductor region 46. 
[0120] The semiconductor regions doped with the n 

15 type are a source 45 and the drain 47, respectively. 
They, together with a gate 46 deposited through a gate 
oxide film on the non-doped semiconductor region, con- 
stitute the first and second transistors 55 and 56. 
[0121] In the active layer 44, the semiconductor re- 

20 gions 45 and 47 doped into the n type may be doped 
Into the p type, instead of the n type, so as to make a 
structure of p+/l/p+. 

[0122] The active layer 44 in the first transistor (Tr1 ) 
55 and the second transistor (Tr2) 56 is preferably made 

25 of an inorganic semiconductor such as polysilicon or an 
organic semiconductor such as thiophene oligomer or 
poly(P-phenylenevinylene). Polysilicon is a particularly 
preferred material since it is far more stable against 
electricity than amorphous Si (a-Si). 

30 [0123] Besides, the organic EL element 26 is depos- 
ited through the interlayer insulating film (flattening film) 
1 3 on the TFT 14 formed on the surface of the substrate 
10 in the examples shown in FIGs. 1 and 9. As shown 
in FIG. 17. it Is also preferred to form the TFT on the 

35 back surface of the substrate, form the organic EL ele- 
ment on the surface of the substrate and connect the 
TFT 14 and the lower electrode of the organic EL ele- 
ment 26 electrically to each other through a via hole 28 
made In the substrate 10 and the interlayer insulating 

40 film (flattening film) 1 3. 

[01 24] Such a structure makes it possible to keep bet- 
ter electrical insulation between the TFT 14 and the or- 
ganic EL element 26. In this example, the interlayer in- 
sulating film(flattenlng film) 13 is deposited on the sub- 

45 strate 10. However, the interlayer insulating film 13 may 
be omitted since both surfaces of the substrate 10 have 
superior flatness. 

(2) Driving method 

50 

[01 25] The following will describe the method for driv- 
ing the organic EL element by the TFT 14. As shown in 
FIG. 10, the TFT 14 comprises the first transistor (Trl) 
55 and the second transistor (Tr2) 56, and further the 
55 TFT combined with the capacitance 57 constitutes a 
part of the electric switch. 

[01 26] Therefore, a scanning pulse and a signal pulse 
are inputted through the XY matrix to this electric switch 
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to perform switch operation, so that the organic EL ele- 
ment 26 connected to this electric switch can be driven. 
Thus, light emission from the organic EL element 26 is 
caused or stopped by the electric switch comprising the 
TFT 14 and the capacitance 57, so that an image can 
be displayed. 

[0127] Specifically, a desired first transistor 55 is se- 
lected by a scanning pulse transmitted through the 
scanning electrode line (which may be referred to as a 
gate line) (Yj-Yj+n) 50 and a signal pulse transmitted 
through the signal electrode line (Xi-Xi+n) 51 , so as to 
supply given electrical charges to the capacitance 67 
formed between the common electrode line (Ci-Ci+n) 52 
and the source 45 of the first transistor (Tri ) 55. 
[0128] In this way, the gate voltage of the second tran- 
sistor {Tr2) 56 turns into a constant value and the sec- 
ond transistor (Tr2) 56 turns into an ON state. Since in 
this ON state the gate voltage is held at a given value 
until a next gate pulse is transmitted, electric current 
continues to be supplied to the lower electrode 22 con- 
nected to the drain 47 of the second transistor (Tr2) 56. 
[01 29] The organic EL element 26 is effectively driven 
by direct-current supplied through the lower electrode 
22. Thus, by the effect of the direct-current driving, the 
driving voltage for the organic EL element 26 can be 
highly reduced and the luminous efficiency thereof is im- 
proved. Moreover, power consumption can be reduced. 

[Second embodiment] 

[0130] As shown in FIG. 5, the active-driving organic 
EL light emission device of the second embodiment is 
an active-driving organic EL light emission device 64 
comprising, on the substrate 10, the TFT 14 embedded 
in the electrically insulating film 12, the organic EL ele- 
ment 26 comprising the organic luminous medium 24 
between the upper electrode 20 and the lower electrode 
22, and the electrically connecting portion (via hole) 28 
for connecting the TFT 14 and the organic EL element 
26 to each other. 

[0131] The second embodiment is characterized in 
that, the upper electrode 20 is composed of the main 
electrode 16 and the auxiliary electrode 18, and further 
above the upper electrode 20 is set up a color filter or 
fluorescent film 60 for color-converting EL light taken out 
from the side of the upper electrode 20. (An arrow in 
FIG. 5 represents a direction along which the light is tak- 
en out.) 

[0132] The following will describe the characteristic 
parts and the like of the second embodiment, referring 
appropriately to FIG. 5. 

(1) Color filter 

® Structure 

[0133] The color filter Is set up to decompose or cut 
light to improve color adjustment or contrast, and com- 



prises a colorant layer consisting only of a colorant, or 
a lamination wherein a colorant Is dissolved or dis- 
persed In a binder resin. The colorant referred to herein 
embraces a pigment. 

5 [01 34] The structure of the color filter preferably com- 
prises a blue, green or red colorant. Combination of 
such a color filter with the organic EL element emitting 
white light makes it possible to obtain three primary 
colors of light, that is, blue, green and red. and to attain 

10 full-color display. 

[01 35] The color filter is preferably patterned by print- 
ing method or photolithography method in the same 
manner as for the fluorescence medium. 



[01 36] The thickness of the color filter is not particu- 
lariy limited so far as the thickness causes sufficient re- 
ceipt (absorption) of luminescence from the organic EL 
20 element and does not damage color-converi:ing func- 
tion. The thickness is preferably, for example, a value 
within the range of 10 nm to 1 mm, more preferably a 
value within the range of 0.5 |xm to 1 mm, and still more 
preferably a range within the range of 1 \im to 100 p.m. 

25 

(2) Fluorescent medium 

® Structure 

30 [01 37] The fluorescent medium in the organic EL dis- 
play device has a function for absorbing luminescence 
from the organic EL element and emitting fluorescence 
having a longer wavelength, and comprises layer-form 
matters separated and arranged in a plane. The respec- 

35 tive fluorescent medium are preferably arranged corre- 
spondingly to luminescence areas of the organic EL el- 
ements, for example, positions where the lower elec- 
trode and the upper electrode cross each other. When 
the organic luminous layer at the portion where the lower 

40 electrode and the upper electrode cross each other 
emits light, such a structure makes it possible that the 
respective fluorescent media receive the light to take out 
light rays having different colors (wavelengths) to the 
outside. Particularly when the organic EL element emits 

45 blue light and the light can be converted to green or red 
luminescence by the fluorescent medium, the three pri- 
mary colors of light, that is, blue, green and red can be 
obtained even from the single organic EL element. 
Thus, full-color display can be attained, and is prefera- 

50 ble. 

[0138] in order to shut off luminescence from the or- 
ganic EL element and light from the respective fluores- 
cent medium to improve contrast or reduce dependency 
on the angle of field, it is also preferred to arrange a light 
55 shading layer (black matrix). 

[0139] The fluorescent medium may be combined 
with the above-mentioned color filter to prevent a drop 
in contrast based on outdoor daylight. 
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@ Forming method 

[0140] In the case that the fluorescent medium com- 
prises mainly a fluorescent colorant, the medium is pref- 
erably made to a film by vacuum deposition or sputtering 5 
through a mask for obtaining a desired fluorescent me- 
dium pattern. 

[0141] On the other hand, in the case that the fluores- 
cent medium comprises a fluorescent colorant and a 
resin, the fluorescent colorant, the resin and an appro- 
priate solvent are mixed, dispersed or solubilized into a 
liquid and then the liquid is made to a film by spin coat- 
ing, roll coating, casting and the like method. Thereafter, 
the fluorescent medium is preferably formed by forming 
a desired fluorescent medium pattern using photolithog- 
raphy method, or by forming a desired pattern by screen 
printing and the like method. 

(g) Thickness 

[0142] The thickness of the fluorescent medium Is not 

particularly limited if the thickness causes sufficient re- 
ceipt (absorbance) of luminescence from the organic EL 
element and does not damage the function for generat- 
ing fluorescence. The thickness is preferably a value 
within the range of 10 nm to 1 mm, more preferably a 
value within the range of 0.5 ]irr\ to 1 mm, and still more 
preferably a value within the range of 1 jxm to 100 |im. 

[Third embodiment] 

[0143] As shown in FIGs. 7 and 8, the active-driving 
organic EL light emission device 66 or 67 of a third em- 
bodiment comprises, on the substrate 10, the TFT 14 
embedded in the electrically insulating film 12, the or- 
ganic EL element 26 comprising the organic luminous 
medium 24 between the upper electrode 20 and the low- 
er electrode 22, the electrically connecting portion 28 for 
connecting the TFT 14 and the organic EL element 26 
electrically to each other, and a sealing member 58. 
[0144] The third embodiment, wherein the upper elec- 
trode 20 comprises the main electrode 16 and the aux- 
iliary electrode 18 and further the assistant element 18 
in the upper electrode 20 is disposed in the state that It 
Is embedded in the sealing member 58 and caused to 
penetrate through the sealing member 58 as shown in 
FIG. 7, or the assistant element 18 is arranged in the 
state that it is closely adhered to the sealing member 58 
as shown in FIG. 8. 

[0145] The following will describe the sealing member 
and the like in the third embodiment, referring appropri- 
ately to FIGs. 7 and 8. 

(1) Sealing member 

[0146] It Is preferred that the respective sealing mem- 
bers 58 shown in FIGs. 7 and 8 are anranged around the 
organic EL display devices 66 and 67 to prevent entry 



of water into the inside; or that a sealing medium 21 , for 
example, a desiccant, a dry gas, or an inert liquid such 
asfluorinated hydrocarbon, is put into the thus-arranged 
sealing member 58 and the organic EL display device 
66 and 67. 

[0147] This sealing member 58 can be used as a sup- 
porting substrate in the case that the fluorescent medi- 
um or the color filter is arranged outside the upper elec- 
trodes. 

[0148] As such a sealing member, the same material 
as for the supporting substrate, for example, a glass 
plate, or a plastic plate may be used. An inorganic oxide 
layer or an inorganic nitride layer may be used if it Is 
superior in moisture-proofing. Examples thereof include 
silica, alumina, AlON, SiAION, SIN^ (1 < x < 2) and the 
like. The form of the sealing member is not particulariy 
limited, and is preferably, for example, a plate form, or 
a cap form. When the sealing member is, for example, 
In a cap form, the thickness thereof is preferably set to 
a value within the range of 0.01 to 5 mm. 
[0149] It is also preferred that the sealing member is 
pushed and fixed into a groove and the like made In a 
part of the organic EL display device or that the sealing 
member is fixed onto a part of the organic EL display 
device with a photocuring type adhesive and the like. 

(2) Relationship between the sealing member and the 
auxiliary electrode 

[0150] About the relationship between the sealing 
member and the auxiliary electrode, it is preferred that 
the auxiliary electrode 18 is arranged to be embedded 
in the sealing member 58 or to be closely adhered to the 
sealing member 58 as shown FIGs. 7 and 8. Various 
modifications are allowable. 

[0151] Specifically, it is allowable to dispose a site 
where assistant wiring 18 is set between an inner space 
made between the sealing member 58 and the organic 
EL element 26, or to embed the auxiliary electrode com- 
pletely in the sealing member 58 and connect the aux- 
iliary electrode and the main electrode 16 electrically to 
each other through via hole (which may be refen-ed to 
as a through hole). 

[Fourth embodiment] 

[0152] A fourth embodiment is a method for manufac- 
turing the active-driving organic EL light emission device 
61 of the first embodiment shown in FIG. 1. and is spe- 
cifically a method for manufacturing the active-driving 
organic EL light emission device 61, 
characterized by forming, on the substrate 1 0, the TFTs 
14 embedded in the electrically insulating film 12, the 
interiayer insulating film 1 3, the lower electrodes 22, the 
organic luminous medium 24, the upper electrodes 20 
made of the main electrode 16 and the auxiliary elec- 
trode 18, and the electrically connection portions 28 for 
connecting the TFT 14 and the organic EL element 26 
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electrically to each other. 

[01 53] That is, the fourth embodiment, comprising the 
steps of forming the organic EL elements 26, forming 
the TFTs 14 embedded in the electrically Insulating film 
12, forming the interlayer insulating film 13, forming the 
lower electrodes 22, forming the organic luminous me- 
dium 24, forming the upper electrodes 20 made of the 
main electrode 16 and the auxiliary electrode 18, and 
forming the electrically connection portions 28 for con- 
necting the TFT 14 and the organic EL element 26 elec- 
trically to each other. 

[0154] The following will describe the characteristic 
portions and the like thereof in the fourth embodiment, 
referring appropriately to FIG. 12. 

(1) Step of forming the thin film transistors (TFTs) 

[0155] The step of forming the TFTs 14 (the step of 
forming the active matrix substrate) will be described, 
referring to FIGs. 12(a)-(l). 

® Formation of an active layer 

[0156] First, FIG. 12(a) shows the step of depositing 
an a-silicon (a-Si) layer 70 on the substrate 10 by a 
method such as low pressure chemical vapor deposition 
(LPCVD). 

[0157] At this time, the thickness of the a-Si layer 70 
Is preferably set to a value within the range of 40 to 200 
nm. The substrate 10 to be used is preferably a crystal 
material such as crystal, and is more preferably low- 
temperature glass. When the low-temperature glass 
substrate is used, the manufacturing process is prefer- 
ably carried out at a low-temperature process tempera- 
ture, for example, 1000°C or lower and more preferably 
600° C or lower in order to avoid generation of melting 
or strain In the whole of the manufacturing process or 
avoid out-diffusion of dopants Into an active area. 
[0158] Next, FIG. 12(b) shows the step wherein the 
a-SI layer 70 is irradiated with an excimer laser such as 
a KrF (248 nm) laser to perform annealing crystalliza- 
tion, thereby converting the a-SI to polysiticon (see SID 
*96, Digest of technical papers pp. 17-28). 
[0159] About annealing conditions using an excimer 
laser, it is preferred that substrate temperature is set to 
a value within the range of 1 00 to 300°C. and the energy 
amount of the excimer layer rays is set to a value within 
the range of 100 to 300 mJ/cm2. 
[0160] Next, FIG. 12(c) shows the step of patterning 
the polysHlcon crystallized by the annealing into an Is- 
land form by photolithography method. It is preferred to 
use, as an etching gas, CF4 gas since superior resolu- 
tion can be obtained. 

[0161] Next, the FIG. 12(d) shows the step of depos- 
iting an insulating gate material 72 on the surface of the 
resultant island-form polysilicon 71 and the substrate 1 0 
by chemical vapor deposition (CVD) and the like, to pre- 
pare a gate oxide Insulating layer 72. 



[0162] This gate oxide insulating layer 72 comprises 
preferably silicon dioxide to which chemical vapor dep- 
osition (CVD) such as plasma enhanced chemical vapor 
deposition (PECVD: Plasma Enhanced Chemical Vapor 
5 Deposition) or low pressure CVD (LPCVD) can be ap- 
plied. 

[01 63] The thickness of the gate oxide insulating layer 
72 Is preferably set to a value within the range of 100 to 

200 nm. 

10 [0164] Furthermore, substrate temperature is prefer- 
ably 250-400°C, and annealing at 300-600°C for 1-3 
hours is preferably conducted to obtain a high-quality 
insulating gate material. 

[0165] Next, FIG. 12(e) shows the step of depositing 

15 and forming a gate electrode 73 by vapor deposition or 
sputtering. Preferred examples of the constituent mate- 
rial of the gate electrode 73 Include Al. AIN and TaN and 
the like. The thickness thereof Is preferably set to a value 
within the range of 200 to 500 nm. 

20 [01 66] Next, FIGs. 1 2(f )-(h) show the steps of pattern- 
ing the gate electrode 73 and performing anodlzatlon. 
When Al gate is used, anodization is preferably per- 
formed two times to attain insulation as shown in FIG. 
12(f)-(h). Details of the anodization are disclosed in Jap- 

25 anese Patent Application Publication No. 15120/1996. 
[0167] Next, FIG. 12(1) shows the step of forming an 
n+ or p+ doping region by ion doping (ion implantation), 
to form active layers for a source and a drain. In order 
that the Ion doping can be effectively performed, it is pre- 

30 ferred to introduce nitrogen gas and perform heat treat- 
ment at 300°C for about 3 hours during the ion doping. 
[0168] On the other hand, it is preferred to use poly- 
silicon made of a-Si as the gate electrode 73. Specifi- 
cally, the polysilicon gate electrode 73 Is formed on the 

35 gate insulating layer, and subsequently an n type dopant 
such as arsenic is ion-implanted thereto. Thereafter, a 
source region and a drain region can be formed on the 
polysilicon Island by photolithography method so that 
they can be formed inside the polysilicon region. 

40 [0169] The gate electrode 73 made of polysilicon can 
be supplied as a bottom electrode of a capacitance. 

0 Formation of the signal electrode lines and the 
scanning electrode lines 

45 

[0170] Next, an electrically insulating layer, for exam- 
ple, SlOx (1 < x < 2) is deposited on the resultant active 
layer by ECRCVD method (Electron Cyclotron Reso- 
nance Chemical Vapor Deposition method), and subse- 

50 quently the signal electrode lines and the scanning elec- 
trode lines (referred to as wiring electrodes) are formed 
and electrical connection Is attained. Specifically, the 
signal electrode lines and the scanning electrode lines 
are formed by photolithography method and the like, 

55 and upper electrodes of the capacitances are formed. 
Performed are connection of the sources of the second 
transistors (Tr2) 56 to the scanning electrode lines; con- 
nection of the sources of the first transistors (Tr1 ) 65 to 
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the signal electrode lines; and the like. 
[0171] It is preferred to fornn metal lines made of Al 
alloy, Al, Cr, W, Mo and the like by photolithography 
method at this time and attain contact of the drains and 
the sources of the first transistors (Tr1 ) 55 and the sec- 
ond transistors (Tr2) 56 through openings of the electri- 
cally insulating layer which are made from the side of 
the entire surface thereof. 

[0172] The thickness of the wiring electrode is prefer- 
ably 50 nm or more, more preferably 100 nm or more, 
and still more 100-500 nm. 

@ Formation of the interlayer insulating film 

[0173] In the next step, the interlayer insulating film 
made of silicon dioxide (SiOg), silicon nitride, polyimlde 
and the like is applied to the whole of the active layer 
and the electrically insulating layer thereon. 
[0174] The insulating film made of silicon dioxide can 
be obtained by supplying, for example, TEOS (tetrae- 
thoxysilane) under the condition of a substrate temper- 
ature of 250 to 400°C according to PECVD. The film can 
also be obtained according to ECRCVD at a substrate 
temperature of 100 to SOO^C. However, it is preferred to 
use an organic interlayer insulating film since these in- 
organic insulating films are not easily made flat. 

(2) Step of forming the organic EL elements 

[0175] After the TFT structure and the interlayer insu- 
lating film are formed as above, an anode (lower elec- 
trodes), an organic luminous layer, a hole injection layer, 
an electron injection layer and the like are successively 
formed thereon. Furthermore, a cathode (upper elec- 
trodes) is formed so that the organic EL elements can 
be produced. 

[0176] For example, the lower electrodes are prefer- 
ably formed using a method making film-deposition in a 
dry process, such as vacuum deposition or sputtering. 
About the organic luminous medium, it is possible to 
adopt a commonly-known method such as vacuum dep- 
osition, spin coating, Langumuir-Blodgett method (LB 
method), an Inkjet method, micelle electrolysis. 
[0177] The auxiliary electrodes and the main elec- 
trodes are preferably formed using vacuum deposition 
method, sputtering method and the like. Specifically, it 
is preferred to form the main electrodes made of trans- 
parent conductive material by vacuum deposition and 
the like and then form the auxiliary electrodes made of 
low-resistance material to make the upper electrodes. 
[0178] It is preferred to form the auxiliary electrodes 
and simultaneously connect them electrically to the con- 
necting terminals of the TFTs. It is also preferred that at 
this time an indium zinc oxide (IZO) and the like, which 
is an amorphous oxide, as a connecting material is in- 
terposed between the auxiliary electrode and the con- 
necting terminal of the TFT. 

[0179] The organic EL element can be produced ac- 



cording to a reversible order, that is, toward the side of 
the anode from the cathode (lower electrodes). 
[01 80] Furthermore, it is preferred to form the organic 
EL element without any break through the vapor depo- 
5 sition. 

(3) Sealing step and the like 

[0181] It is preferred that in the sealing step the or- 
10 ganic EL elements are formed and connected elactrical- 
ly to TFTs and subsequently these are fixed with the 
sealing member to cover the periphery thereof. 
[0182] In the case that a direct-current voltage is ap- 
plied to the organic EL elements, the transparent elec- 
15 trode and the electrode are set to polarities of + and -, 
respectively. In the case that 5-40 voltage is applied to 
the organic EL elements, luminescence can be ob- 
served. Thus, it is also preferred that the organic EL el- 
ements are driven before the sealing step to judge 
20 whether the organic EL elements obtained are good or 
bad. 

Industrial Applicability 

25 [01 83] According to the active-driving organic EL light 
emission device of the present Invention, the numerical 
aperture of pixels can be made large even If the device 
has TFTs. The sheet resistivity of its upper electrodes 
can be made low even if luminescence is taken out from 

30 the side of the upper electrodes. Thus, images having 
a high brightness and a homogenous brightness have 
been able to be displayed. 

[01 84] According to the method for manufacturing an 
active-driving organic EL light emission device of the 

35 present Invention, it has become possible to produce ef- 
fectively an active-driving organic EL light emission de- 
vice that is low in the sheet resistivity of its upper elec- 
trodes and that can take out luminescence from the side 
of the upper electrodes and can display Images having 

40 a high brightness and a homogenous brightness. 



Claims 

45 1, An active-driving organic EL light emission device 
comprising: 

an organic EL element comprising an organic 
luminous medium between an upper electrode 
50 and a lower electrode; and 

a thin film transistor for driving the organic EL 
element; 

wherein light emitted from the organic EL el- 
55 ement is taken out from a side of the upper elec- 
trode; and 

the upper electrode comprises a main elec- 
trode formed of a transparent conductive material, 
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and an auxiliary electrode formed of a low-resist- 
ance material. 

2. The device according to claim 1 , furtlier comprising 
an electric switch comprising the thin film transistor 
and a transistor for selecting a pixel, and 

a signal electrode line and a scanning electrode 
line for driving the electric switch. 

3. The device according to claim 1 or 2, wherein the 
transparent conductive material is at least one ma- 
terial selected from the group consisting of conduc- 
tive oxides, light-transmissible metal films, non-de- 
generate semiconductors, organic conductors, and 
semlconductive carbon compounds. 

4. The device according to claim 3, wherein the organ- 
ic conductor is at least one material selected from 
the group consisting of conductive conjugated pol- 
ymers, oxidizing agent-added polymers, reducing 
agent-added polymers, oxidizing agent-added low- 
molecules, and reducing agent-added low-mole- 
cuies. 

5. The device according to claim 3, wherein the non- 
degeneracy semiconductors are at least one mate- 
rial selected from the group consisting of oxides, ni- 
trides, and calchogenide compounds. 

6. The device according to claim 3, wherein the carbon 
compounds comprise at least one material selected 
from the group consisting of amorphous carbon, 
graphite, and diamond-like carbon. 

7. The device according to any one of claims 1 to 6, 
wherein a plurality of auxiliary electrodes are regu- 
larly placed in a plane. 

8. The device according to any one of claims 1 to 7, 
wherein a sectional shape of the auxiliary electrode 
is an overhang form. 

9. The device according to any one of claims 1 to 8, 
wherein the auxiliary electrode comprises a lower 
auxiliary electrode and an upper auxiliary electrode. 

10. The device according to claim 9, wherein the lower 
auxiliary electrode and the upper auxiliary electrode 
comprise constituent materials having different 
etching rates. 

11. The device according to claim 9 or 10, wherein the 
lower auxiliary electrode and the upper auxiliary 
electrode of the auxiliary electrode, or one thereof 
Is electrically connected to the main electrode. 

12- The device according to any one of claims 1 to 11 , 



wherein the auxiliary electrode is formed on an in- 
teriayer dielectric constituting the organic EL ele- 
ment. 

5 13. The device according to any one of claims 1 to 12, 
wherein the auxiliary electrode is formed on an elec- 
trically insulating film for insulating the lower elec- 
trode electrically. 

10 14. The device according to any one of claims 1 to 12, 
wherein the auxiliary electrode is formed on an elec- 
trically insulating film for insulating the thin film tran- 
sistor electrically. 

15 15. The device according to any one of claims 1 to 14, 
wherein an active layer of the thin film transistor 
comprises polysilicon. 

16. The device according to any one of claims 1 to 15, 
20 wherein an interlayer dielectric is formed on the thin 

film transistor, the lower electorode of the organic 
EL element is deposited on the interlayer dielectric, 
and the thin film transistor and the lower electrode 
are electrically connected to each other through a 
25 via hole made in the interiayer dielectric. 

17. The device according to any one of claims 1 to 16, 
wherein charges are injected from the auxiliary 
electrode to the main electrode and transported in 

30 parallel to a main surface of a substrate, and sub- 
sequently the charges are injected to the organic 
luminous medium. 

18. The device according to any one of claims 1 to 17, 
35 wherein the sheet resistivity of the main electrode 

is set to a value within the range of 1 K to 1 0 MQJ Q 

19. The device according to any one of claims 1 to 18, 
wherein the sheet resistivity of the auxiliary elec- 

40 trode is set to a value within the range of 0.01 to 10 

20. The device according to any one of claims 1 to 19, 
further comprising a fluorescent film and a color fil- 

45 ter for color-converting the taken-out light, or one 
thereof is arranged on the side of the upper elec- 
trode. 

21. The device according to any one of claims 1 to 20, 
50 wherein a black matrix is formed on a part of the 

color filter or the fluorescent film, and the black ma- 
trix and the auxiliary electrode overiap with each 
other In a vertical direction. 

55 22. The device according to any one of claims 1 to 21 , 
wherein the auxiliary electrode is formed on the 
main electrode, and an area of the auxiliary elec- 
trode is smaller than an area of the main electrode. 
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23. The device according to any one of clainns 1 to 21, 
wherein the auxiliary electrode is ennbedded in a 
sealing member surrounding a periphery thereof. 

24. The device according to any one of claims 1 to 21 , 5 
wherein the auxiliary electrode is closely arranged 
between the sealing member and the main elec- 
trode. 

25- A method for manufacturing an actlve-driving or- io 
ganic EL light emission device comprising an or- 
ganic EL element having an organic luminous me- 
dium between an upper electrode and a lower elec- 
trode, and a thin film transistorfor driving the organ- 
ic EL element, the method comprising the steps of: 15 

forming the organic EL element; and 
forming the thin film transistor, 

wherein during the step of forming the organic 20 
EL element, the lower electrode and the organic lu- 
minous medium are formed and subsequently a 
main electrode is formed from a transparent con- 
ductive material and the upper electrode is formed 
by forming an auxiliary electrode from a low-resist- 25 
ance material. 
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FIG. 4(a) FIG. 4(b) 



FIG. 4(c) FIG. 4(d) 
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FIG. 7 
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